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Abstract
Globally, researchers has developed motorcycle simulators/test rigs to assist in motorcycle road accident prevention 
investigations. The Postura MotergoTM which was developed by the Motorcycle Engineering Technology Lab (METAL) of the 
Faculty of Mechanical Engineering, Universiti Teknologi MARA (UiTM) is an example of such motorcycle test rigs/simulators. 
However, the Postura MotergoTM could only replicate one type of motorcycle cockpit design (where the human operator is seated 
to operate the motorcycle), whereas, from the field survey, it was found that motorcycles come with variable cockpit designs. 
Hence, the Postura MotergoTM was in need for a design enhancement in order to accurately replicate the variable motorcycles’ 
cockpit designs. The aim of this study was to establish a novel adjustable motorcycle tank cover for the Postura MotergoTM.
Literature assessment, field survey, computer aided design (CAD) and design fabrication were the research methods. Upon the 
fabrication of the new motorcycle tank cover (as proof-of-concept), a patent specification document was proposed. As of April 
2015, the new tank design is being filed for an intellectual property (IP) protection. Conclusively, the integration of this new 
motorcycle tank cover on the Postura MotergoTM further enhances the capability of the motorcycle test rig to better replicate 
various motorcycles cockpit designs. This ensures the test rig’s validity, fidelity, while simultaneously elevating users’ 
experience for further future research in motorcycle niche area.
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1. Introduction
As a mode of transportation, most members of the public in various Asian countries prefer motorcycles over the 
four-wheeled vehicles. Characteristics such as having an economical market price, good fuel consumption, but, most 
importantly the flexibility through congested roads; makes it as the choice for various road users. However, 
motorcycles have become a global transportation safety issues involving mortality and non-fatal road tragedies. 
Motorcyclists are exposed to 34 times higher risk of death and 8 times higher risk of injuries in the event of collision 
in contrast to other motor vehicles drivers [1]. In Malaysia, in the year 2006, out of 6,287 road users who were 
involved in road accidents, 58.7% of these road users were motorcyclists. Indeed, the rate of accident involving 
motorcyclists did reduced to 53.3% [1]. Nevertheless, the statistics of motorcycle road accidents are still 
considerably high. Table 1 shows the rate of accident from 2003 to 2012, where the accident rate occasionally 
increase from year to year. In short, to minimize road accidents involving motorcyclist is a continuous efforts. 
Table 1. The total motorcycle accident from year 2003 to 2012 [2].
Year Motorcycle Motorcar Van Bus Lorry 4WD Taxi Bicycle Others Total
2003 95,545 351,832 20,277 9,673 42,753 16,429 6,632 2,993 9,500 555,634
2004 99,227 388,589 20,086 9,265 45,420 18,306 7,111 2,963 11,186 602,153
2005 97,072 376,061 19,065 8,594 42,062 19,106 7,043 2,751 9,362 581,136
2006 104,207 411,444 20,428 9,700 44,767 20,885 7,751 2,834 12,266 634,182
2007 111,765 426,941 21,109 10,285 47,696 21,823 8,809 2,690 14,909 666,027
2008 111,819 435,665 20392 9,356 48,250 22,793 8,769 2,463 15,571 671,078
2009 113,962 472,307 19220 9,380 46,724 23,581 8,669 2,486 9,294 705,623
2010 120,156 511,841 18788 9,580 50,438 25,777 9,899 2,178 11,756 760,433
2011 129,017 546,702 17916 9,906 53,078 30,828 11,197 2,033 16,394 817,151
2012 130,080 655,813 15143 10,617 42,158 32,891 11,680 1,310 21,540 921,232
There are several factors documented to be the causation factors towards the occurrence of motorcycle road 
accidents. In studying these factors, as an alternative to real world assessment, researchers have utilized the option of 
utilizing motorcycle simulator or test rig. Example of these motorcycle simulators or test rig are the Honda 
SMARTrainer Motorcyle Simulator [3], MORIS Motorcycle Simulator [4], and the University of 3 Padova 
Motorcycle Simulator (UNIPD) [5] as shown in Fig. 1. Even so, for this study, a special interest is made on the The 
Postura MotergoTM which was developed by the Motorcycle Engineering Technology Lab (METAL) of the Faculty 
of Mechanical Engineering, Universiti Teknologi MARA (UiTM) [6-8]. The Postura MotergoTM is as shown in Fig.
2. 
Fig. 1. (a) Honda SMARTrainerMotorcyle Simulator [3]; (b) MORIS Motorcycle Simulator [4]; (c) University of Padova Motorcycle Simulator 
(UNIPD) [5].
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Fig. 2. The Postura MotergoTM [6-8].
The Postura MotergoTM was a specifically built motorcycle simulator that focuses on studies regarding the 
physical, physiology and psychological ergonomics of a motorcyclist. The particular motorcycle simulator – similar 
with the other aforementioned motorcycle simulators, allows for studies on motorcycle/motorcyclist within a 
controlled and safe laboratory setting. The unique adjustability package of the Postura MotergoTM allows for the 
motorcycle simulator to be adjusted in order to cater for various motorcycling riding postures. Nevertheless, fidelity 
and validity issues are always the main concern of motorcycle simulators. Suggestively, based on Stedmon [9], for 
any studies that uses a motorcycle simulator, it is best if the motorcycle simulator could provide a genuine 
motorcycling experience to the test subjects. In short, the motorcycle simulator could provide an immersive 
motorcycling experience. As adjustable as it is, this issue was still of concern with respect to the Postura MotergoTM.
From the preliminary studies, it was found that one of the factors that will influence the motorcycling riding 
posture is the motorcycle cockpit design.  A motorcycle cockpit is made up of: (i) the handlebar, (ii) the tank cover, 
(iii) the seat, and (iv) the foot-pegs. Furthermore, it was also observed from the field survey that motorcycles come 
with variable cockpit designs. Certain motorcycle models have a gap between the motorcyclist (seated on the sitting 
platform) and the handlebar, whilst, certain models do not have this gap. These are as shown in Fig. 3. With this 
respect, regardless of the types of motorcycling riding postures being practiced, all of these postures involve the 
motorcyclist to be in certain types of physical and non-physical contacts with the tank cover.
The existence of a gap between the handlebar and the seated motorcyclist prevents the motorcyclist from gripping 
the motorcycle (usually at the tank cover/chassis section) with his/her thigh. This is a considerable factor with 
respect to simulating an immersive motorcycling experience since this will affects the motorcyclist’s 
maneuverability technique over the motorcycle.  It is emphasized that maneuvering and stabilizing a motorcycle is 
much easier if the motorcyclist has the capability to grip the motorcycle using his/her thighs. In short, the differences 
in motorcycle cockpit design will result in the works (motorcycling duties) being performed by the motorcyclist to
Fig. 3. The general differences of motorcycle cockpit’s design: (a) Presence of gap; (b) Absence of gap between seat and handlebar
Source: http://www.yamaha-motor.com.my/
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be varied. This could affects the user’s experience in utilizing the motorcycle simulator to a certain degree. Thus, 
could provide a compromise in providing a motorcycle simulator that is immersive to the test subject. In reviewing 
the current design of the Postura MotergoTM, it was found that the existing tank cover design of the Postura 
MotergoTM is a rigid feature. Thus, the test rig could only caters for one type of cockpit design. Therefore, in 
elevating the degree of user experience in utilizing this motorcycle simulator and in order to accurately replicate the 
variable motorcycles’ cockpit designs, this study only focused on redesigning the Postura MotergoTM’s tank cover.
The aim of this study was to establish a novel adjustable motorcycle tank cover for the Postura MotergoTM. This 
aim was in correlation that the current chassis design of the Postura MotergoTM motorcycle simulator is being kept as 
it is i.e. without modifying the existing chassis design. Therefore, a new tank cover design named the Rib and Spine 
Chassis (RISCTM) concept was proposed. The Rib and Spine Chassis (RISCTM) concept takes the inspiration from a 
human respiratory system – mainly the ribs which expand and contract while breathing. By integrating the Postura 
MotergoTM with this new design feature, the motorcycle simulator could better replicate a real motorcycle, thus, 
simultaneously increases users’ experience. Ultimately, this will increase the accuracy of assessments being 
performed in utilizing the Postura MotergoTM.
2. Research methodology
The research methodology was separated into two stages. The stages were as follow: 
2.1. Stage 1: Identifying the design parameters of an adjustable motorcycle tank cover by adapting the Rib & Spine 
Chassis (RISCTM) concept
The research methods used in this stage were:
x Literature assessment
Reviews were made on existing test rigs and motorcycle simulators. As to replicate different types of motorcycle 
models, a few designs concept of the adjustable tank covers were generated where the literature served as 
reference.
x Field study
The field study was crucial in identifying the design parameters in establishing the adjustable tank cover. 
Measurements of various tank cover from a variety of motorcycle models were taken. Subsequently, the average 
value of these measurements was taken in establishing the adjustable tank cover. Fig. 4 shows example of various 
tank covers which served as reference model during the field study.
Fig. 4. (a) Kawasaki ZX10R,1000cc (2008) tank cover [10]; (b) Kawasaki Vulcan 500,500cc (2006) tank cover [11]; (c) Kawasaki Z250,250cc 
(2014) tank cover [12]; (d) Kawasaki er6n,650cc (2008) tank cover [13].
2639 W.M.S.W. Fauzi et al. /  Procedia Manufacturing  3 ( 2015 )  2635 – 2641 
2.2. Stage 2: The design and fabrication stage of an adjustable motorcycle tank cover using established design 
parameters as proof-of-concept
The research methods used in this stage were:
x Pugh Method
From the various designs concept of the adjustable tank covers which were generated from the Stage 1, the 
selection of best design was done via both Morphological Chart and Pugh Method. The selection criteria were as 
follow.
x Computer-Aided Design/Computer-Aided Engineering (CAD/CAM)
From morphological chart and Pugh concept, the selected design concept was established via the SOLIDWORKS 
2014 software. Via the software, accurate 3Dimensional depiction of the concept was successfully generated.
3. Results
Fig. 5 shows the 3D model of adjustable tank cover utilizing Rib and Spine Chassis (RISCTM). In contrast to the 
existing tank cover of Postura MotergoTM, this new design provide fully adjustable in order to replicate different 
type of tank cover with respect to the motorcycle cockpit design. Initially, several designs concept was generated 
and the final design was selected by using Morphological Chart and Pugh Method. 
Fig. 6 shows the 3D model of how the RISCTM tank cover looks like when being assembled with the Postura 
MotergoTM.
4. Discussion
The aim of this study was to establish a novel adjustable motorcycle tank cover for the Postura MotergoTM. A 
new tank cover design named the Rib and Spine Chassis (RISCTM) concept was proposed. The Rib and Spine 
Chassis (RISCTM) concept successfully provides the capability to replicate various motorcycle cockpit designs for 
with respect to the Postura MotergoTM motorcycle simulator.  As noted, this adjustable tank cover concept emulates 
the motion of the human ribs during breathing i.e. to expand and collapse. Therefore, the adjustable tank could be 
setup in three (3) predominant settings (Setting 1, 2 and 3) i.e. whether it is fully expanded (Setting 1), partially 
expanded (Setting 2) or fully collapsed (Setting 3).
Fig. 5. 3D model of adjustable tank cover.
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Fig. 6. Assembly of the adjustable tank cover with test rig.
The fully expanded form (Setting 1) replicates the cockpit design criteria of motorcycle models that have a gap 
between the handlebar and the sitting platform. In short, this setting replicates a condition where the tank cover is 
non-existence. Hence, the test subject is unable to place his/her thigh on the tank cover. In contrast with Setting 1, 
for the partial expanded form (Setting 2), the non-existence of a gap between the handlebar and the sitting platform
is now being replicated. In Setting 2, the cockpit design of motorcycle models that come with wide girth tank covers 
is replicated. Hence, the test subject is now able to place his/her thigh on the tank cover. Finally, similar with Setting 
2, the fully collapsed form (Setting 3) also replicates the non-existence of a gap between the handlebar and the 
sitting platform. Even so, the only different now is that this setting replicates the cockpit design of motorcycle 
models that come with narrow tank covers. Nevertheless, the test subject is now able to place his/her thigh on the 
tank cover, just not as similarly effective and easy as Setting 2. Fig. 7 shows the three cockpit designs successfully 
replicated via the Rib and Spine Chassis (RISCTM) concept.
In short, the Rib and Spine Chassis (RISCTM) is a revolutionary new concept for tank cover design in motorcycle 
simulator. Via this concept, the existence and non-existence of a gap between the seat and the handlebar are 
simulated without making any changes on the current chassis design. Thus, providing the test subject an accurate 
depiction of riding various motorcycle models. This new concept ensures for the simulation of an immersive riding 
experience by the test subject in utilizing the Postura MotergoTM motorcycle simulator.
Fig. 7. (a) Setting 1 cockpit design; (b) Setting 2 cockpit design; (c) Setting 3 cockpit design.
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5. Conclusion
Conclusively, the objective of the study was achieved via the establishment of the Rib and Spine Chassis 
(RISCTM) tank cover for the Postura MotergoTM motorcycle simulator. This novel new concept for tank cover design
enables for the replication of the existence and non-existence of a gap between the seat and the handlebar. 
Furthermore, this was achieved without making any changes or modification on the current chassis design of the 
Postura MotergoTM motorcycle simulator. The integration of this new motorcycle tank cover on the Postura 
MotergoTM further enhances the capability of the motorcycle test rig to better replicate various motorcycles cockpit 
designs. This ensures the test rig’s validity, fidelity, while simultaneously elevating users’ experience for further 
future research in motorcycle niche area. As of April 2015, the new tank design is being filed for an intellectual 
property (IP) protection.
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